Breast cancer is the most common disease in women, and up to 38 % develop lymphedema of the arm following mastectomy, standard axillary node dissection and postoperative irradiation. Limb reductions have been reported utilizing various conservative therapies such as manual lymph and pressure therapy. Some patients with long-standing pronounced lymphedema do not respond to these conservative treatments because slow or absent lymph flow causes the formation of excess subcutaneous adipose tissue.
INTRODUCTION
Lymphedema is a chronic disease with increased volume giving considerable dysfunction in terms of decreased mobility, heaviness, susceptibility to infections, psychological and cosmetic problems. This influences activities of daily living and leisure as well as dress. In spite of the development of modern cancer treatment, lymphedema is still an important and to a great extent an underestimated problem.
Cancer treatment implies often removal of lymph glands and radiation therapy. Breast cancer affects more than 6000 women per year in Sweden, and about a third are affected with lymphedema (1). Treatment of gynaecological tumors (about 2000 cases per year) leads to leg lymphedema in up to 40 per cent. Prostate cancer treatment (about 7000 cases per year) can lead to lymphedema where the incidence varies due to the aggressiveness of the therapy (5-66 %). The incidence of lymphedema after treatment of penis cancer (60 cases per year) and inguinal metastases is very high. Other tumors where treatment can lead to lymphedema is for example lymphoma, malignant melanoma, head and neck tumors and lung cancer.
In contrast to other types of edema, e.g. cardiac edema, chronic lymphedema has a high content of adipose tissue. Due to the decreased or absent lymph transport there is, in course of time, an increased formation of adipose tissue, and in later stages also fibrosis.
Soft tissue infection (cellulitis or erysipelas) can worsen the lymphedema and is mostly caused by streptococci.
Lymphedema can be divided into various stages due to the tissue changes (2). It can also be divided into primary and secondary forms. The later in life a lymphedema appears, the more important it is to exclude other diseases, especially cancer, as a cause of the edema.
Patients with lymphedema represent a large group and must be treated because an untreated edema can give considerable dysfunction. If diagnosed early the suffering of the patients can be prevented and economic resources can be saved.
There is, so far, no cure for lymphedema. The basis for all lymphedema treatment is adequate compression therapy. If conservative therapy is fails liposuction can give complete reduction of the excess limb volume. To maintain this outcome it is an absolute necessity to provide the patient with ample amounts of compression garments. It is important to measure the excess volume, as changes can be a sign of progession of the underlying disease.
The Swedish national guidelines for lymphedema treatment have been released in 2003 and can be accessed on Internet: www.lymfödem.nu
PATHOPHYSIOLOGY
The lymph normally removes the proteins from the interstice. If the transport is blocked, the proteins remain in the tissues and will osmotically bind lymph fluid. The increased amount of lymph dilates the lymph vessels and gradually the valves become insufficient and the lymph transport is obstructed or ceases (3-7).
DEFINITIONS
Edema is defined as a volume increase in a body part and is initially caused by an accumulation of fluid. Edema is a symptom and not a diagnose. A lymphedema is caused by decreased lymph transport capacity caused by disease, malformation or earlier treatment (e.g. surgery, radiation) and leads to accumulation of lymph in the interstice with secondary changes in the tissues.
Pitting means that a depression is formed after pressure with the fingertip on edematous tissue, resulting in squeezing lymph into the surroundings (Fig. 1A) . To standardize the pitting-test one presses as hard as possible with the index finger, during one minute, on the region to be investigated. The amount of depression is estimated in mm. Edema dominated by hypertrophied adipose tissue and/or fibrosis shows little or no pitting ( Fig. 1B) . Stemmer's sign implies that one with difficulty, or not at all, can pinch the skin at the base of the toes or fingers. This is due to increased fibrosis and is characteristic for lymphedema.
LYMPHEDEMA LEADS TO ADIPOSE TISSUE ACCUMULATION AND FIBROSIS
This phenomenon can be illustrated by the following example: Breast cancer treatment typically includes excision of regional axillary lymph nodes as staging and often radiotherapy for eradication of regional tumor spread. Both measures interfere with normal lymph drainage from the arm, and subcutaneous arm lymphedema, dominated by fluid, commonly ensues. Pitting is seen after pressure ( Fig. 1A) .
In healthy subjects the rate of blood flow and lymph flow through adipose tissue is inversely related to its growth, and a slow flow rate is considered one condition for lipogenesis and further depo- There is no pitting is spite of hard pressure by the index finger during one minute. A slight reddening is seen at the three spots where pressure has been exerted. The 'edema' is completely dominated by adipose tissue. The term 'edema' is in this stage improper as the swelling is dominated by hypertrophied adipose tissue and nor lymph. In this stage the aspirate contains no or minimal amount of lymph ( AB sition of fat. This process is enhanced by the transformation of macrophages into adipocytes (8). This may explain the marked hypertrophy of the adipose tissue seen in patients with chronic lymphedema (Fig. 2 ) (9). Subsequently subcutaneous lymphedema becomes firm and denser and is dominated by adipose tissue hypertrophy, and pitting is usually less pronounced or sometimes absent ( Fig. 1B ). Probably pinocytosis of white blood cells, in combination with activation of fibrocytes, increases the connective tissue component of the primordial loose subcutaneous fat (10) . Fibrosis can totally dominate the excess volume of the extremity in patients with longstanding lymphedema, especially in the lower extremity.
DIAGNOSIS ANAMNESIS
A careful anamnesis for example regarding earlier diseases, operations, and irradiation is important. When, where, and how the edema started, the progression of the edema, which treatments have been tried and the result, are other important questions for a correct diagnosis.
CLINICAL EXAMINATION
Skin changes are investigated: reddening, hyperkeratosis, pigmentations, leakage of lymph, scars, wounds, dermatitis due to irradiation. Palpation of the affected area(s) and all regional nodes shall be done. The range of motion in nearby joints is measured, as well as presence of pitting and Stemmer's sign are noted. The volume of the edema can easily be measured with the water displacement method, the extremity is lowered into water and the displaced volume is a measure of the volume of the extremity. The difference between the lymphedematous and healthy extremity represents the edema volume. The volume can also be calculated with the help of repeated circumferential measurements along the extremity, but this method takes longer time and is less accurate. The clinical investigation can in doubtful cases be supplemented with indirect lymphoscintigraphy, CT, or MRI, especially in patients with primary lymphedema.
OTHER INVESTIGATIONS
Laboratory investigations are not necessary to establish a lymphedema. In doubtful cases, for example when suspecting a malignancy, some blood tests (hemoglobin, EVF, albumin, creatinin, liver tests) can give an indication of a disease in kidneys, liver or gastrointestinal tract with associated protein loss. When suspecting a cardiac insufficiency an X-ray of the heart and lungs is taken. Pen-doppler (CW-doppler) can be used to demonstrate reflux in the saphenous and popliteal veins. Color-duplex, pletysmography, vein pressure recordings, and phlebography can be used to further delineate the venous system. Direct lymphangiography, where oily contrast me-dium is injected direct into the lymph vessels, is seldom used as local infection or inflammation with damage to the lymphatics can occur. Also hypersensitive reactions and pulmonary embolism can ensue. Indirect lymphoscintigraphy using intradermal or subdermal injection of 99m Tc-labeled microcolloid has nowadays replaced direct contrast lymphography as the preferred imaging tool for peripheral lymphedema, and is therefore particularly suited for studying patients with lymphedema where microcirculatory dynamics are already suboptimal (11) . CT and MRI can be used when suspecting primary or secondary malignancy in enlarged lymph glands. Differentiation between adipose tissue and water from other soft tissue can also be made. This can be seen as a reticular pattern reminding of a honeycomb (honeycomb pattern) ( Fig. 3 ). Venous insufficiency can often be differentiated to a lymphedema with MRI.
TREATMENT Up to date there is no cure for lymphedema in the aspect that one can reconstruct the damaged lymph system so that the normal function is completely reestablished. Patients must therefore be informed that lymphedema is a chronic disease, but that conservative treatment, where compression with a garment plays an important part, can relieve the symptoms. Sometimes surgery is needed, but even after a successful operation, compression garments must be used.
SURGICAL TREATMENT
Despite prophylaxis the lymphedema will often progress slowly but steadily, necessitating a surgical approach. Surgical treatment, when tissue is removed, becomes indicated in patients, who fail to respond to conservative treatment because of hypertrophy of the subcutaneous adipose tissue, and later Various surgical procedures have therefore been proposed to reduce lymphedema, including interventions to the subcutis and deep fascia (13) (14) (15) (16) (17) (18) (19) , and skin grafting (20, 21) . None of these methods gave satisfactory or long-lasting results.
The breakthrough in reconstructive microsurgery has stimulated the interest to create such connections. During the last decades, anastomoses have been established between lymph nodes (22) or lymph collectors (23, 24) and the venous system. Promising results have recently been reported after transplantation of lymph collectors (25, 26) , as well as after the creation of various forms of lymphatic venous anastomoses (27, 28) .
Even if the microsurgical methods are attractive from a physiological point of view, they do not give consistently satisfactory results. The patients need to wear compression garments after surgery, which indicate that normal lymph transport has not been achieved. Complete reduction can not be achieved in patients with a chronic lymphedema because the hypertrophied adipose tissue remains unchanged.
A prerequisite for a successful result is the continuous use of a compression garment after surgery.
Liposuction
A surgical approach, with the intention to remove the hypertrophied adipose tissue, seems logic when conservative treatment has not yielded satisfactory edema reduction and the patient has subjective discomfort of a heavy arm. This condition is especially seen in chronic, large arm lymphedemas around one liter in volume, or when the volume ratio (edematous arm/healthy arm) ≈ 1.3. The edema must not show any, or possibly minimal, pitting on pressure. By removing the excess adipose tissue the risk of developing lymphangiosarcoma will decrease. Preliminary clinical reports, although not impressive, warranted further refinement and evaluation of the procedure (29, 30) .
At the Department of Plastic and Reconstructive Surgery, Malmö University Hospital, Malmö, Sweden the first liposuction of an arm lymphedema was undertaken in 1987, but it was not until 1993 that a more detailed treatment protocol was established and a lymphedema unit with a team was founded. The aim and direction was arm lymphedema after breast cancer treatment, as this is a large and common problem. There is no upper age limit in order to be accepted for surgery, but active tumor disease and ulcerations are contraindications (31) .
SURGICAL TECHNIQUE
By the use of liposuction the excess hypertrophied adipose tissue is removed under bloodless conditions (Figs 4-9) . General anesthesia is used in most cases Cannulas are connected to a vacuum pump giving a negative atmospheric pressure of 0.9. The cannulas are 15 cm long with an outer diameter of 3 and 4 mm and have three openings at the tip. The finer cannula is used mainly for the hand, fingers, and distal part of the forearm, and also when irregularities were remedied. The openings differ from normal li-posuction cannulas in that they take up almost half of the circumference in order to facilitate the liposuction, especially in lymphedemas with excess fibrosis (Fig. 7) .
Liposuction is executed circumferentially, step-bystep from hand to shoulder, and the hypertrophied and edematous fat is removed as completely as possible ( Figs 5, 6, 8) .
When the arm distal to the tourniquet has been treated it is compressed by using sterile rolls of bandage to stem bleeding and postoperative edema. The tourniquet is removed and the most proximal part of the upper arm is treated (Fig. 6D) . The incisions are left open to drain. A clean, but non-sterile, standard compression garment is applied (Jobst ® Elvarex BSN medical, compression class 2) on the arm. The size of this garment is measured according to the size of the healthy arm. An interim glove (no 111089, Jobskin ® interim care garment for burn scar management, Smith & Nephew), where the tips of the fingers have been cut to facilitate gripping, is put on the hand. The following day, a standard gauntlet (= a glove without fingers, but with a thumb) is put over the interim glove after the thumb of the glove has been cut off (Jobst ® Elvarex BSN medical, compression class 2). If the gauntlet is put on right after surgery, it can exert too much pressure on the hand when the patient is still not able to move the fingers after the anesthesia. Operating time is 2 hours on average. An isoxazolylpenicillin or a cephalosporin is given intravenously for the first 24 hours and then in tablet form for 2 weeks.
POSTOPERATIVE CARE
The arm is held raised during the hospital stay, usually for 3-4 days. Two days postoperatively, measurements are taken for a custom-made compression garment, a sleeve and glove, compression class 2 (Jobst ® Elvarex BSN medical).
The patient alternates between two standard compression sleeves and gloves the first two postoperative weeks. At the 2-week control the new custommade compression garment is applied, alternating this with a standard one until the 1-month visit. During the subsequent course, this rigorous compression regime, referred to as Controlled Compression Therapy (CCT), is maintained exactly as described below (12) .
CONTROLLED COMPRESSION THERAPY (CCT)
The compression therapy is crucial, and its application is therefore thoroughly described and discussed at the first clinical evaluation. If the patient has any doubts about continued CCT, she is not accepted for treatment. After institution of the compression therapy, the custommade garment (Jobst ® Elvarex BSN medical, compression class 2, rarely class 3) is taken in at each visit, using a sewing machine, to compensate for reduced elasticity and reduced arm volume. This is most important during the first 3 months when the most notable changes in volume occur. At the 1-month visit another custom-made compression garment is measured for, alternating this with the old one until the 3-month visit. At the 3-month visit, the arm is measured for new custom-made garments. This procedure is repeated at 6 and 12 months. It is important however, to take in the garment repeatedly to compensate for wear and tear. This requires additional visits in some instances, although the patient can often make herself such adjustments. When the edema volume has decreased as much as possible and a steady state is achieved, new garments can be prescribed, using the latest measurements. In this way, the garments are renewed three or four times during the first year. Two sets of sleeve-and-glove garments are always at the patients' disposal; one being worn while the other is washed. Thus, a garment is worn permanently, and treatment is interrupted only briefly when showering and, possibly, for formal social occasions. The patient is informed about the importance of hygienic measures and skin care.
The life span of two garments worn alternate is usually 4 to 6 months. After complete reduction has Fig. 9 . The compression garment is removed two days after surgery in order to take measurements for a custom-made compression garment. A significant reduction of the right arm has been achieved as compared to the preoperative condition seen in Fig. 4 . (© Håkan Brorson 2003) where EA pre = edematous arm before treatment HA pre = healthy arm before treament EA post = edematous arm after treatment HA post = healthy arm after treatment Arm volume measurements for calculating the edema volume is measured at each visit.
RESULTS
A prerequisite to maintain the effect of liposuction is the continuous use of a compression garment ( Figs  10, 11) .
The already decreased lymph transport capacity is not further impaired by liposuction (34) . Liposuction decreases the incidence of erysipelas. The point of bacterial entry may be a minor injury to the edematous skin, and impaired skin blood flow may respond inadequately to counteract impending infection. Reducing the edema volume by liposuction increases skin blood flow, and probably decreases the reservoir of proteinaceous fluid and adipose tissue, which may enhance bacterial overgrowth (35) . Through the combination of liposuction and CCT the lymphedema can be completely removed. Long-term follow up (7 years) does not show any recurrence of the edema (12, 33, 36, 37) .
THE LYMPHEDEMA TEAM
To investigate and treat patients with lymphedema, a lymphedema team comprising a plastic surgeon, an occupational therapist, a physiotherapist and a social welfare officer is a must. A 60-minute period is reserved for each scheduled visit to the team, when arm volumes are measured, garments are adjusted or renewed, the social circumstances are assessed, and other matters of concern are discussed. The patient is also encouraged to contact the team whenever any unexpected problems arise, so that these can be tackled without delay. In retrospect, a working group such as this one seems to be a prerequisite both for thorough preoperative consideration and informing patients, and for successful maintenance of immediate postoperative improvements. The team also monitors the long-term outcome, and our experiences so far indicate that a visit once a year is necessary to maintain a good functional and cosmetic result in most cases after complete reduction. been achieved the patient is seen once a year when new garments are prescribed for the coming year, usually 4 garments and 4 gloves (or 4 gauntlets). In very active patients the 6 to 8 garments a year may be needed.
ARM VOLUME MEASUREMENTS
Arm volumes are recorded for each patient using the water displacement technique. The displaced water is weighed on a balance to the nearest 5 g, corresponding to 5 ml. Both arms are always measured at each visit, and the difference in arm volumes is designated as the edema volume (32, 33) . The decrease in the edema volume is calculated in percent, thus:
(EA pre -HA pre ) -(EA post -HA post ) EA pre -HA pre × 100, 
